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BBEJAEHUE

BaxxHbIM moOKazarelieM Hay4YHO-HCCIEIOBATENbCKOM pabOThl SIBIsETCS €€
3¢ dexTuBHOCTh. BhicOKkHE 3HaueHHsT MOTYT OBITh JOCTUTHYTHI B TE€X CIydasx,
KOTJa pe3yJbTaTUBHOCTh PA0OThI MPUTOJHBI I O0OOOIIEHUS] W CHOCOOCTBYIOT
MOJIy4YEeHHIO HOBOUM HH(popmanuu. IPHEeKTUBHOCTh MPOBOJUMBIX UCCIICIOBAHUN BO
MHOTOM OMPEAENSIIOTCS KayeCTBOM IUIAHUPOBAHUSI, MOCTAHOBKU W MPOBEACHUS
HSKCIEPUMEHTA, a TakKe TJyOMHHOW aHaiu3a TMOJY4YEHHBIX pe3yiabTaToB. B
IPOBEJACHUN HCCIEOBAHUNA HEMAJIOBAXXHYIO POJIb UTPAIOT BCE IMEPEUYUCICHHBIC
ATalbl B PABHOU CTEIICHMU.

B HacTosimiee BpeMsi ypoBeHb MaTEMAaTHUYECKOM MOJATOTOBKH OMOJIOTa MOXKET
OBITh pa3NUYHBIM. M nake KOMIIbIOTEPHBIE TPOTPAMMBbI, CIICIIMAIbLHO HANMCAHHBIC
Ha U3BJICUYCHUE JOCTOBEPHOUN MH(OpMaIMU, B pyKaX KOHKPETHOTO HMCCIIEI0BATENs
OyIyT CIIyKUTh pa3HbIM LIEeNsIM. Takasi CUTyalus, KOrja OJHH M T€ K€ METOJbI
MaTeMaTUYECKON CTAaTUCTHKH, MPUMEHAEMbIE K HMCXOJHBIM MaTepuajiaM, AT
COBEPIICHHO  HEOJMHAKOBBIE  3HAYEHHUs, OTJIMYAIOIIMECS 1O  YPOBHIO
JOCTOBEPHOCTM U 3aBHCSIIAs OT JMYHOCTH «O0OpaboTuuKay, SBIAETCS, HE
JOTyCTUMA.

[IpyHIMNIMaNbHOE 3HAYEHUME B KAayeCTBE AaHAIN3a MAaTEpUAIOB HMEIOT

OIMMOKH, BBISIBUTH KOTOPBIE O4YE€HB CII0kHO. K Takomy Tuiy ommOOK MOMXKHO
OTHECTH HEMPABUIBHOE OMpPEAEIICHUE JTOCTOBEPHOCTH OTAENIbHBIX MOKa3aTesel u3
qyucya IpeACTaBIIeMbIX B TaOIUIaX, rpadukax, JOBEpUTEIbHBIX HHTEpBaIaxX U T.I.

NudpopmMaTUBHOCTh PE3yIbTATOB JKCIEPUMEHTAIBHBIX WCCIEIOBAaHUNA B
HEMAJIOW CTENEHU OMpeaessieTcs TIyOMHOW CTaToOpabOTKM M KadeCTBOM HX
MPECTABICHUSI. [Ipumenenue CTATUCTHYECKUX PUEMOB MO3BOJISIET
MCCJIEJIOBATEII0 BBISIBUTh M MPEIOTBPATUTH M3JEPKKH B MOCTAHOBKE OIBITOB U
UHTEPIPETALMU PE3YIbTATOB €1IE JO UX MyOIHKAIINH.

Maremarnyeckas 0OpabOTKa JaHHBIX, TOJYYCHHBIX B X0JI€¢ OMOJIOTMIECKOTO
UCCJIEIOBAaHUSl — BAXKHOE YCIIOBHE MPHU BBINOJIHEHUU KYPCOBBIX W JUIIOMHBIX

pa60T. I[J'IH TOTO, YTOOBI CACIaTb HOCTOBCPHOC ITPCAIIOJIOKCHUC 00 H3y4acMOM

3



SIBJICHUH, HWCIIOJB3YIOT TOJBKO YaCTH — BBIOOPKH, TaK KaK BCIO TEHEPAIBHYIO
COBOKYITHOCTh OOCIIE€ZIOBaTh MPAKTHYECKH HEBO3MOXKHO (THICSYH, COTHH TBICSH,
MUJUTHOHBI UCTIBITYEMBIX ).

BriOopka nmomkHa oOTpakaTh BCE CBOWCTBA TE€HEPAIBHOM COBOKYITHOCTH
TOJDKHA OBITh PENpPe3eHTAaTUBHOM, JUIsI TOTO 4TOOBI JIIOOOW HCCIIeIOBATENh MOT
MOHSTH PE3YJIbTATHI BAIIUX MCCIIEIOBAHUIA.

OCHOBHBIE CTIOCOOBI JOCTHXKEHHS 3TOTO YCIOBHS:

1)  CuydaiiHast BEIOOpKa;

2)  MopaenupoBaHue BHIOOPKH IO CBOWCTBAM I'€HEPaIbHOM COBOKYITHOCTH.

CymiecTBEHHBIM TPU  OPTaHW3allid  BBIOOPKH  SBISETCS  BOMPOC O
HEOOXOJMMOM M JOCTATOYHOM YHCJIC HCIBITYeMbIX. Manoe koymyectBo (N<10)
UCIIBITYEMbIX HE 00€CIIeUNUT TOUYHOCTH pe3yabTaToB. boibiioe komnuectBo (n >30)
PUBEJET K YBEIHUCHHUIO TPYJOSMKOCTH (BPEMEHU M CTOMMOCTH ) MICCIICTOBAHMSI.

Cratuctuueckasi JOCTOBEPHOCTb, WJIM  CTaTUCTUYECKas 3HAYUMOCTD,
Pe3yIbTAaTOB UCCIIEAOBAHUS OMPEIETAETCS MPU MTOMOIIN METO/IOB CTATUCTUYECKOTO
BBIBOJIa, KOTOPBIE MPEABABISAIOT ONpe/eiIcHHbIC TPeOOBaHMUs K YUCICHHOCTH, WU
00bEMY BBIOOPKH.

OO0mre peKOMEHIalNH 110 YHCJICHHOCTH BHIOOPKH:

1. Haubonpmuii o0beM BBIOOPKHM  HEOOXOAMM TIpU  pa3paboTKe
nuargoctudeckoit Metoauku - ot 200 no 1000-2500 yenoBek.

2. Ecnim HeoOXomuMo cpaBHUBaTh 2 BBIOOPKH, MX OOIIas YUCICHHOCTH
noJDKHA ObITh He MeHee 50 dYenoBeK; YMCICHHOCTh CPAaBHUBAEMBIX BBIOOPOK
JO0JDKHA OBITh MPUOIM3UTEITFHO OJTMHAKOBOM.

3. Ecnim m3yvaetcs B3auMOCBSI3b MEXAY KaKUMHU-JTHOO CBOWCTBAMH, TO 00bEM
BBIOOPKH JTOJKEH ObITh He MeHbIe 30-35 uenoBex.

4. Yem 0oJbIlie M3MEHUYUBOCTh M3Y4aE€MOTO CBOMCTBA, TEM OOJIBIINE JOHKCH
ObITh 00BeM BBIOOPKHU. [109TOMY M3MEHYMBOCTH MOXKHO YMEHBIIUTH, YBEINIUBAS

OJIHOPOJAHOCTH BBIOOPKHU, HAIPUMED, 1O MOy, BO3PACTy U T. .



I'nasa 1

buojgornyeckasi cTaTUCTHKA: €€ POJIb H 3BHAYCHHUC

Heo0OxomumMocTh CTAaTUCTUYECKOU 00paboTKHu u MpEeCTaBICHUE
AKCIEPUMEHTAIIBHBIX JaHHBIX BO3HUKIIU CPa3y, KaK TOJbKO OMOJIOTH MEpPEelLId OT
OMMUCATENBHOIO  METOJIa K  aHaAU3y  OKCIECPUMEHTAIBHBIX  PE3YJbTAaTOB.
JleficTBUTEIBLHO, UCCIIEA0BATENI0, UMEIOIIIEMY JICJIO C U3MEPEHHUSIMU U 00padOTKON
JMAHHBIX, TIOCTOSIHHO TMPUXOIUTCA oOOpamarbCsa K JJIEMEHTapHbIM OCHOBaM
MaTeMaTUYeCKOM CTAaTUCTUKH, YTOOBI H3BJEYh MAaKCHUMAJIbHO  TOJIE3HYIO
uH(popMaIuio U3 pe3yabTaToB U3MEPECHUM.

[IepBble ONBITHI MCIIOJIB30BAHUSA MATEMATHYECKUX 3HAHUM [IJI1 aHaINA3a
Ouoyiornyeckux sBieHud npuHamaexkar ®dpencucy [amprony (1889), xoTopsIit
VICIIOJIB30BaJl CTATUCTUYECKUMW AaHaIW3 JUISI OLICHKU CBSI3M MEXKIY OTICIbHBIMU
MIPU3HAKAMH Y JIIOJIEM M CTENECHU CXOACTBA MEXKAY POJICTBEHHUKAMH IO TaKOMY
CI0KHOMY TIPU3HAKYy KakK pOCT Jirojaed. [‘albTOH BIIEpPBBIE BBEN IOHATHE
OMOMeTpHUKA B HAYUYHYIO JJUTEPATYPY.

UccnenoBanust T'amproHa Obuin  mpogoinkeHsl  Kapiom  Ilupconowm,
MOCJIEI0OBATENEM, YYEHUKOM, IOYUTATENIEM U nponarasaucTom [ anprona. [Iupcon
BHeC OONbIION BKIaag B pa3pabOTKy TEOPMHM € TPAKTHKWA HCIOJb30BaHUS
CTaTUCTUYECKUX IIOKa3aTesie, MPUMEHUTEIbHO K OINUCAHUI0 OUOJOTHYECKUX
SBJICHUM.

Hecmotps Ha TO, uTOo HU ['anbToH, HU IIMUpCOH HE CMOIJU BBIICIHUTH
T€HETUYECKNE KOMIOHEHTHI, KOHTPOJHMPYIOIINE POCT YEJIOBEKA, CBOUMU paboTamMu
3TH aBTOPHI NPUBJIECKJIM BHUMAaHHE OHOJOTOB K CTAaTUCTUKE KAK K OJIHOMY W3
METOJIOB aHaIM3a Pa3IMYHBIX MNpHU3HAKOB. [lo3aHee OOMbIION BKJIAJ] WMEHHO B
OIICHKY OTJENbHBIX (DAKTOPOB, BHOCSIIUX BKJIaJ B (POpMUPOBAHUE M pPa3BUTHE

pu3HAKOB, ObLT caenan Pooeprom dumepom (1918).



C 60-x romoB XX Beka MaTeMaTH4decKas CTAaTUCTUKA cTajia 00s3aTEIbLHBIM
YCIIOBHEM aHaJIM3a YKCIIEPUMEHTAIBHBIX JTAHHBIX B 00JACTH OWOJIOTHHU, MEIUITHHBI
1 CEIBCKOT0 X035MCTBA.

OmuuM 13 (GakToOpoB, MOBIUSABIIMM Ha HEOOXOIWMOCTh HCIOJIb30BAHUS
CTaTUCTUYECKHUX PACUYETOB SKCIEPUMEHTAIbHBIX JaHHBIX, SBJSETCS TO, YTO BCE
ounosioruyeckre 0ObEeKTHI 00J1aJal0T TPOTHUBOIOIOKHBIMH CBOHCTBAMU.

[[upokast aMIITyAa W3MEHYMBOCTH TPHU3HAKOB Y Pa3IMYHBIX OOBEKTOB
BBIHY’KJIa€T DKCIIEPUMEHTATOPOB MPUOETaTh KaK K YCPEIHCHHUIO AHHBIX, TaK U K
OIICHKE TPAHMI] U3MEHYMBOCTH U CHUJIBI CBS3W MEXKTy TTPU3HAKAMHU.

JlpyruM BakHBIM OOCTOSTEIIHCTBOM, MOBJHUSBIINM Ha TPOIECC BHEIPEHUS
CTAaTUCTUYSCKUX METOJIOB JJIA aHaJn3a OMOJOTHYECKHUX SIBJICHHH, SBUJIOCH TO, YTO
IMPaKTUYECKH BCE OWOJOTHYECKHE SIBJICHUS MW CBOMCTBA  IOJYHUHSIOTCS
CTAaTUCTUYCCKAM 3aKOHOMEPHOCTSIM, XapaKTepHBIM HE OTICIbHBIM OOBEKTaM, a
IIEJIBIM COBOKYITHOCTSAM 00BEKTOB. OKa3ajioCh, 4TO €CJIM CTPYNIUPOBATh JaHHEIE,
MOJTyYCHHBIC TIyTEM H3MEPEHHS JIOOBIX OHMOJOTMYECKHX IPHU3HAKOB, B CIUHYIO
COBOKYITHOCTh, TO 3Ta COBOKYIHOCTH OyJET MMETh BHJ YHUCTO CTATHUCTHYECCKOU
COBOKYMHOCTH. Ilo3TOMy MaTeMaTH4YeCKyl CTaTHCTHUKY, HCIOJB3YEMYI0 B
NMPWIOKEHNN K OWOJIOTHH, CTalli Ha3bIBaTh OMOJOTHYECKOH CTATHCTHKOM WIN
OnomMerTpuen.

Takum 006pa3om, OMOTOTUYECKOW CTATUCTUKON MIJIM OMOMETpPUEH Ha3hIBACTCS
00J1acTh HayYHOTO 3HAHUS, OXBATBHIBAIOIIAS KIACCU(PUKAIIUIO, CHCTEMATH3aAIIHIO U
00pabOTKy SKCHEPHUMEHTANBHBIX JaHHBIX B OHOJIOTHH, MEAHMIIMHE M CEIIbCKOM

XO035IMCTBE METOdJaMHN MaTeMaTH4YEeCKOM CTaTUCTUKH.



Bb100opo4yHbIE COBOKYITHOCTH.

[lens OoONBIIMHCTBA HCCIEJOBAHUNM COCTOMT B COOpe JIaHHBIX, KOTOpPbIE
BIIOCJICJICTBUM TIOMOTAIOT TOJYYWUTh HH(POPMAIMIO B Kakou-1uOO 00JIacTy.
OOBIYHO JAaHHBIE UCCIIEAOBATEINISIM MOJIYYAIOTCS U3 BEIOOPKU MHAMBUIYYMOB. Llenb
100011 HccneaoBaTeNbCKOM pabOThl COCTOUT B TOM, YTOOBI CIpPyNIIUPOBATh 3TU
JTAHHBIC U U3BJIEYb U3 HUX JIOCTOBEPHYIO HH(OpMAIIHIO.

Bcesikoe MHOXECTBO UIAECHTUPUIIUPYEMBIX 00BEKTOB, OTIIMYAIOIIUXCSA APYT OT
Jpyra HE3HAYUTEIHHO MO KOHKPETHOMY MPU3HAKY, HO COXPAHSIOIMIUX CXOJCTBO IO
HEKOTOPBIM CYIIECTBEHHBIM XapaKTEPUCTHUKAM, HA3bIBAECTCS COBOKYMHOCTBIO.
COBOKYITHOCTBIO MOXHO Ha3bIBaTh CTaJ0 KMBOTHBIX, ICJISIHKY WU MOJIe PAaCTCHUH,
MOPOJIY >KMBOTHBIX WJIA COPT KYJBTYPHBIX PACTCHUH, KJIOHBI OaKTEpHUH, IITAMMBbI
BUpycOB U Jp. COBOKYMHOCTH TMPEJCTABJICHbI OTACIbHBIMU YJ€HAMH WJIU
eruHMIaMu. COBOKYIIHOCTh YJIEHOB WJIM €IUWHMI[ Ha3bIBACTCI 00beMOM
COBOKYMHOCTH. CamMO W3MEpPEHHOE 3HAYEHUE KaXKIOW EIMHUIBI COBOKYIHOCTHU
HA3bIBACTCSI BAPHMAHTOM  COBOKYIHOCTU. Paznmuuumsi Mexay BapuaHTaMu
COBOKYITHOCTH Ha3bIBAIOTCs BapHaluen Wiu Jucnepcuen.

Ecnau 6beM COBOKYMHOCTH JIFOOOM BBIOOPKH 0003HAYUTH 4Yepe3 N, a KaxIylo
BAPUAHTY COBOKYITHOCTH Y€pe3 X, TO B TAKOM CJIy4dae psii BAPUAHT B COBOKYITHOCTHU
MOXHO 3aMHUCaTh, KaK Xi, X2, X3 ... X,. ClienoBaTenbHO, €CJIM UCCIEA0BAHO BIIUSHUE,
KaKOTo JTM0O BELIECTBA Ha JAEATEIbHOCTh CEP/la, TO KOJUYECTBO MCIOIb30BAHHBIX
YKUBOTHBIX MOKHO Ha3BaTh COBOKYIMHOCTHIO, OOBEM KOTOPOM, HAIIpUMeEp, paBeH N
=20. JleiicTBUE BelIeCTBAa Ha JEATEIBHOCTh KaXKJIOr0 >KMBOTHOTO - 3TO BapHuaHTa
COBOKYITHOCTH.

Ecnu u3MepeHHbI MaTepuai IpeacTaBisieT co00i TOIBKO YacTh OT KaKOTO-
TO o0miero OOJBIIOrO Marepuana, TO Takas COBOKYIHOCTh OyJeT Ha3bIBaThCs
BbIOOPOYHOI COBOKYNMHOCTBIO, 3 BEChb OTPOMHBIM Marepuall, U3 KOTOPOTO B3siTa
BBIOOPOYHAsl COBOKYITHOCThb, HA3bIBACTCS TIeHEPaJbHOHl  COBOKYIMHOCTBIO.
Hampumep, ecmu  wum3mepennbie 100 3epeH Kkakoro-to copTra  IIMICHHIIBI

MIPEACTABIISIIOT CO00M BRIOOPOUHYIO COBOKYMHOCTH ¢ 00beMoM N =100, To Bec



3epHa IIEJIOT0 COpTa MINEHHUIIBI MOXHO CYHTATh T€HEPATbHOW COBOKYITHOCTHIO C
00bemMoM, paBHbIM N —c0.

OOpaboTka JaHHBIX W MHTEPHIPETANHs IMOTYYEHHBIX PAcyeTOB 3aBUCUT OT
TOTO, KakWe TPU3HAKKW ObUIM HW3MEPEeHBl B JKcrepuMmeHTe. [Ipu3Haku
OMOJIOTUYECKMX 0OBEKTOB B OCHOBHOM ITPEJICTABIICHBI TPEMS KATETOPHSIMH.

1. [Ipy3Haku  COBOKYMHOCTH,  pa3JIMYalONINECs  ONpeAcIICHHBIM
KadecTBOM. TakuWe MpU3HAKW HOCAT Ha3BaHWE KA4YE€CTBEHHBIC WIIU
anbTepHATHBHBIC.  Hampumep,  COBOKYITHOCTh  TpeJCcTaBlieHa
KpacHBIMU U O€NBIMU I[BETKaMU TOpoxa, Kak B omnbiTax ['. Mennaens.

2. IlpusHakuy, UMEIOUIME KOJIMYECTBEHHYIO MEpPy, HO Pa3iuuusi MEXIy
OTIIETFHBIMU  BapUaHTAaMU COBOKYIHOCTH BBIPAXKAIOTCS LEIBIMU  YHCIIAMHU.
Hampumep, 4YuCIO OTIOXKEHHBIX SUI[ Yy MNOTHI. Takad KOJIMYECTBEHHAs
W3MCHYHMBOCTH M TAKUE KOJIMYECTBEHHBIC MPU3HAKHA HA3BIBAIOTCS JUCKPETHBIMU.

3. Ilpusnaku, uMEOIMHUE KOJIMYECTBEHHYIO MEpYy, HO MEXAY OTIEIbHBIMU
BapUaHTaMHU COBOKYITHOCTH HET YETKO BBIPAKEHHBIX (AUCKPETHBIX) TPaHMII.
Hampumep, xuBas Macca >XMBOTHBIX, BBIp@KEHHasi KWJOTpaMMax, HO HE B
rpammax. Takas I3MEHYUBOCTh U TaKWE MPU3HAKY HA3BIBAIOTCS KOJTMYECTBEHHBIMHU
NpU3HaKaMHd  C  HENPEpBhIBHOW  M3MEHYMBOCTHIO  (MEpHBIE  IPU3HAKH,

KOHTHUHBIOQIBHBIE).



I'pynnupoBka 1aHHBIX BBIOOPOYHOI COBOKYIHOCTH IO MPU3HAKAM €
AMCKPETHOM U3MEHYMBOCTHIO.

Ecnm u3MmepeHus Kakoro-to MpHU3HAKA Yy H3Y4aeMOro OHOJOTHYECKOTO
0o0BbEKTa MPOU3BEICHBI, OHU 3alHCAHbl B JKypHaJIaX B TMOPAJIKE H3MEPEHUS
O0OBEKTOB, T.€. MaTepHal MPEACTaBIICT coO0M HAOOp HMUPP YACTO B XAOTHYHOM
nopsiake. [Ipu paccMoTpeHun 3TUX HUPPOBBIX 3HAYECHUN HEBO3MOXKHO OOHAPYKUTh
Kakue-mubo 3axkoHOMEpHOCTH. CyIIECTBYIOT HEKOTOPbIE MPOCThIE IpPaBUIIA
YIIOPSAIOYEHBSI MaTEpHUala.

1. MoxHO mepenucaTh MOJYYEHHbIE IJAHHBIE B TOPSAKE HAPACTAHUS UX
BEJTUYMHBI WM B MOPSAJIKE YMEHBIICHUS] BEIMYHMH. Takoil croco0 ymopsao4eHbs
JAHHBIX HA3bIBACTCA PAaHKMPOBaHUeM. PanxupoBaHuWE [aHHBIX JA€T YKE
HEKOTOpPOE TMPEJCTABICHUE O XapaKTepe JKCIEPUMEHTAIBHOrO Marepuana. Tak,
CTpOro 0003HaYE€Hbl MUHUMAJILHOE M MAaKCUMAJIbHOE 3HAUYECHUSI BapUaHT, KOTOPhIE
HOCSIT Ha3BaHUE JJUMHUTOB M3MEeHYNBOCTH. CaMoe MaJlEHbKOE 3HAYEHUE BAPUAHTHI
HA3bIBACTCSI MUHUMAJIBHBIM 3HAYCHHEM (min), a caMoe OO0JIBIIOE - MAaKCUMAJIbHBIM
3HayeHueM (Max). B IieHTpe Takoro ymnopsaoueHHOro (paHXKHPOBAHHOIO) psja
udp COCpenoTOYEHO OCHOBHOE KOJWYECTBO BapuUaHT CO 'CpeAHUM 3HauyeHHEM'
MPU3HAKA.

[Ipumep. B yHuBepcuTeTe NPOBOJWIM MCCICAOBAHUS 110 HW3YUYECHUIO
GyHKIIMOHUPOBAHUS PadOTHI CepIa Cpeau CTYICHTOB MEPBOT0 Kypca Ha 3aHSITHU
dbusndeckas KynpTypa. M3ydanack yacToTa cepieuHbIx cokpaiieHuii 30 cTyIeHTOB.
[Tony4deHsl cneayromue TaHHbIE:

65, 64, 63, 62, 68, 77, 68, 64, 73, 78, 65, 68, 62, 78, 62, 67, 69, 65, 71, 72, 68,
62,63, 71, 68, 73, 67, 69, 68, 65.

PanmxupyeMm BapuaHThl COBOKYIIHOCTHM B TOPSJKE HapacTaHUs YacTOThI
CEpACYHBIX COKpAIIEHUM Y CTYIEHTOB EPBOr0 Kypca;

62, 62, 62, 62, 63, 63, 64, 64, 65, 65, 65, 65, 67, 67, 68, 68, 68, 68, 68, 68, 69,
69,71,71,72,73,73,77,78, 78.



Takolt pamKWPOBAaHHBIN PsAJ JaeT MPEACTABIEHWE O TOM, YTO JIMMHTHI
W3MEHYMBOCTH TAKOTO MPU3HAKA, KaK 9acTOTa CePACUYHBIX COKPAIICHHMN, HAXOIUTCS
B Tpanumax min =62; max =78. CpemHee 3HAYCHUE 4YACTOTHI CEPICUYHBIX
COKpaIIeHU MOXKHO MPUOJIU3UTEILHO OIEHUTH paBHbIM, /0.

2. Jlpyroii 6oJiee HarsAHBINA CIIOCOO YIOPSAI0YEHbS] BAPUAHT COBOKYITHOCTH
COCTOMT B cienytonieM. Heo0XoquMo BBIMKMCATh B CTOJOWK BCE THITBI BAPHAHTOB,
KOTOpPBIE BCTPETUIIUCh B COBOKYMHOCTH. [ludpel mMoryT OBITH 3amucaHbl Kak B
MOPSIIKE HApacTaHMs OT MEHBIIEro 3HaUYeHHsI K OombIneMy, T.e. OT 1 10 8, Tak U B
MOPSIIKE YMEHbIIIEHHS, T.€. OT 8 10 1. 3anuiieM 1udpel B MOPSAIKE HapacTaHUs, U
OTpEeNIeINM CKOJIbKO pa3 Kaxzaas nudpa, BCTpedaeTcss B pacmpeneneHud. Toraa
pazIuyHbIe THUIBI BapUaHT, KOTOPBIC BCTPETHJIMNCh B PpACIPEACICHUH, OYIyT
Ha3bIBaThCS KJaccaMM W 0003HAYATHCS Xj, @ YUCJA, COOTBETCTBYIONTUE KaXKIOMY

KJIaccy - YUCJIEHHOCTSIMH WM YacTOTaMM 1 0003Ha4aThest OyayT OykBoii f.

KonmuectBo nopocsr ( Xj CKoOJIbKO pa3 BCTpeyaeTcsi JaHHOe

3HaueHue B pacnpeaeicaun ()

62 4

63

64

65

67

68

69

71

72

73

77
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78

w
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Takou psg  yucen, COCTOSIIMM M3 KJIACCOB M 4YacTOT, HAa3bIBAETCS
BapMAIIMOHHBIM PsiioM. BapuanvoHHbI psg gaeT 0ojee YETKYH KapTHHY
3aKOHOMEPHOCTEHN paclpeIeSICHUS 10 CPABHEHUIO C IPOCTHIM PAHKUPOBAHUEM.

s popmupoBaHus BBIOOPKH MOYKHO HCIIOJIb30BATh CIICIYIOIINE MPUEMBI:

IIpocrasi BepOSITHOCTHASA BHIOOPKA!

IIpocrass mnoBTOpHast BbIOOpKaA. lcnonb3oBaHWe TakoM BBIOOPKHU
OCHOBBIBAETCSI HA MPEIINOJIOKEHUHU, UYTO KaXIbIi PECHOHICHT C PAaBHOW JOJEU
BEPOSITHOCTH MOJKET IIONMacTh B BBIOOPKY. Ha ocHOBe cmucka reHepalibHON
COBOKYITHOCTH COCTAaBJISIFOTCS KapTOYKM C HOMEpaMH pecroHjeHToB. OHu
MMOMEMIAOTCS B KOJIOAY, IEPEMENINBAKOTCSA U U3 HUX HAyraJl BBIHUMAETCSA KapTOUuKa,
3aMUChIBA€TCS HOMEpP, IIOTOM BoO3Bpamiaercs ooOpatHo. [lamee mporeaypa
MOBTOPSICTCSI CTOJBKO pa3, Kakoil 00BEM BBIOOpKKM HaM HeoOxoauM. MuHyc:
MOBTOPEHHE €IUHHI] OTOOPA.

[Tporeqypa MOCTPOCHHUS MPOCTOH CIy4dailHONH BBIOOPKH BKIIFOYAET B CeOs

CJIEAYIOIINE IIaru:
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1. HeoOXOAWMMO TOJYYUTHh TOJHBIA CIUCOK YJIEHOB TEHEPAIbHOU
COBOKYIMHOCTH H TPOHYMEPOBATh 3TOT CHHUCOK. TakoW CHUCOK, HANOMHUM,
HA3bIBACTCSI OCHOBOW BBHIOOPKH;

2. OTIpeJIeUTh MPEANoaaracMbiii 00beM BRIOOPKH, TO €CTh 0KUIAEMOE YHCIIO
OTIPOIICHHBIX;

3. u3BJEeYb W3 TAOMUIBI CIy4YallHBIX YHCEN CTOJBKO YHCEN, CKOJILKO HaM
TpeOyeTcst BRIOOpOUHBIX enuHull. Ecnu B BeIOOpKe A0mKkHO oka3atbes 100 uenosek,
u3 tabmmmpl Oepyt 100 caydallHBIX 4Yucen. OTH CIOydYalHBIE YHCIIa MOTYT
TEHEPUPOBATHCS KOMITBIOTEPHOM ITPOTPAMMON.

4. BbIOpaTh U3 CIHCKAa-OCHOBBI T€ HAONMIOIECHMs, HOMEpa KOTOPBIX
COOTBETCTBYIOT BBIITMCAHHBIM CIIyYailHBIM YHCIIaM

IIpocTasi caydaiiHasi BHIOOPKA MMEET OYCBHAHBIC MPEUMYIIECTBA. IDTOT
METOJ KpaWHe TPOCT Id TOHUMAaHHWA. Pe3ynpTaThl HCCIEAOBAHUS MOXKHO
pacmpoCTpaHiTh Ha M3y4aeMyK COBOKYIMHOCTh. bBOJBIIMHCTBO TMOJIXOMOB K
MOJIYYCHUIO CTAaTHUCTUYECKUX BBIBOJOB MpeAycMaTpuBaroT cOop uHbOpMaInuu ¢
MOMOIIBIO MPOCTON ciaydaiiHOW BBIOOpKHM. OFHAKO METOJ MPOCTON CIydalHOU
BBEIOOPKH MMEET KaK MUHIMYM YE€ThIPE CYIIIECTBEHHBIX OTPAaHUYCHHS:

1. 3a4acTyr0 CJIO)KHO CO3/1aTh OCHOBY BBIOOPOYHOTO HAOIOJICHUS, KOTOpas
MTO3BOJIMIIA OBl TIPOBECTH MPOCTYIO CIyYaliHYIO BRIOOPKY.

2. pe3ylbTaToOM MPUMEHEHUsI MPOCTOM CIIy4ailHOM BBIOOPKHM MOMXKET CTaTh
OompIasi COBOKYITHOCTh, JMOO COBOKYMHOCTb, paclpesieiieHHass MO OoJbIIoN
reorpauuecKoil TEPPUTOPHH, YTO 3HAYMTEIILHO YBEIIMUYUBACT BPEMS M CTOMMOCTH
cOopa JTaHHBIX.

3. pe3ynpTaThl MPUMEHEHHUS TMPOCTOM CIy9alHOM BBIOOPKH  YacTo
XapaKTEepU3yIOTCS HU3KOW TOYHOCTHIO M OOJIbIIEH CTaHAApPTHOM OIIMOKOM, 4YeM
pe3yIbTaThl MPUMEHEHHS APYTHX BEPOSATHOCTHBIX METOIOB.

4. B pesynbrate npumeHeHus SRS Moxer  chopmupoBaThCs
Hepenpe3eHTaTUBHAs BbIOOpKa. XOTs BBIOOPKH, MOJTYYEHHBIE IPOCTHIM CITyYaiiHbIM

OT60pOM, B CPCAHEM AACKBATHO IPCACTABIIAIOT I'CHCPAJIbHYIO COBOKYIIHOCTD,
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HEKOTOpBIE W3 HUX KpaWHE HEKOPPEKTHO MPEACTABISAIOT  U3Yy4YaeMYIO
COBOKYITHOCTb. BepOosSITHOCTh 3TOro OCOOEHHO BeJIMKa MpH HEOOIBIIOM O00BbEME
BBIOOPKHU.

IIpocras 6ecnnoBTOpHast BbIOOPKA. [Iporienypa mocTpoeHus: BHIOOPKH Takas
e, TOJIbKO KapTOUYKH C HOMEpaMHu PECHOHJCHTOB HE BO3BpAIlalOTCS 0OpaTHO B
KOJIOZY.

CucremaTuveckasi BEepPOSATHOCTHAsI BbIOOpKaA. SBiseTcss yIPOUICHHBIM
BapUaHTOM IPOCTOW BEPOSITHOCTHOW BBIOOpPKM. Ha OCHOBe crnmcka reHepajibHOU
COBOKYITHOCTH uepe3 onpenenéHubii uHtepBan (K) orOuparorcs pecrnoHIEHTHI.
Bennuuna K ompegensercss cimywaiitno. Haumbonee m0CTOBEpHBIN pe3ynbTar
JOCTUTAECTCA MPU OAHOPOJHOM TE€HEPAIBHOM COBOKYIIHOCTH, WHAYE€ BO3MOYKHBI
COBIQJICHUE BEIMYMHBI IIara MW KAaKUX-TO BHYTPEHHHX  IUKINYECKUX
3aKOHOMEPHOCTEUW BBIOOPKHU (CMEIIEHUE BBIOOPKH). MUHYCHI: TaKue K€ Kak U B
MIPOCTOM BEPOSITHOCTHOM BHIOOPKE.

Cepuiinas (rue3goBasi) BbIOOpKa. EnuHuisl 0TOOpa MpeACcTaBiIsioT co0oi
CTaTUCTUYECKHE Cepuu (CeMbs, IIKoIa, Opuraga u T. m.). OToOpaHHBIC JIEMEHTHI
NOJBEPralOTCs CIUVIOIIHOMY oOcneAaoBaHuio. OTOOp CTAaTUCTUYECKUX E€IUHULL
MOXXET OBbITh OPraHU30BaH IO THUIY CIYy4YalHOW WJIM CHUCTEMAaTHYE€CKONl BBIOOPKHU.
Munyc: Bo3MoxHOCT,  OojbIeld  OJHOPOAHOCTH, YeM B TeHEpaIbHOU
COBOKYITHOCTH.

PaiionnpoBanHast BbIOOpKa. B ciiyyae HEOJHOPOOHOW TE€HEPAIBHOMN
COBOKYITHOCTH, MpPEXAE, YEM HCIO0JIb30BaTh BEPOSTHOCTHYIO BBIOOPKY C JIHOOOM
TEXHUKOW OTOOpa, PEKOMEHIYETCs pa3feUuTh T€HEpPaJbHYI0 COBOKYIHOCTH Ha
OJTHOPOJIHBIE YacTH, TakKas BBHIOOpKA HA3BIBACTCS paliOHUPOBAHHOW. [ 'pymmamu
paliOHUPOBAHUSI MOTYT BBICTYNATh KaK €CTECTBEHHbIE 0Opa3oBaHuUsl (Hampumep,
palioHBI TOpOJa), TaK M JIFOOOW NPHU3HAK, 3aJ0KCHHBIM B OCHOBY HCCIICIOBAHUS.
[Ipu3Hak, Ha OCHOBE KOTOPOrO OCYLIECTBIISIETCS pPAa3lEJICHUE, Ha3bIBACTCS

IIPU3HAKOM PAaCCIIOCHUSA U paﬁOHI/IpOBaHI/IH.
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«YnooHas» BbIOOpKa. Ilponenypa «ynoOHOW» BBIOOPKM COCTOUT B
YCTAaHOBJICHUM KOHTAaKTOB C «YyJOOHBIMHM» €IWHHUIIAMH BBIOOPKHM — C TPYINION
CTYJICHTOB, CHOPTUBHOM KOMaHAOW, C JIpy3bsIMH U coceAsMu. Ecin HeoOXoaumo
MOJIYYUTh UHPOPMALIMIO O PEAKIMH JII0JIel Ha HOBYIO KOHIICIIINIO, TaKasi BHIOOpKa
BIIOJJHE  O00OCHOBaHA. «Y0OHYI0»  BBIOOPKY  4YacTO  HCIHOJB3YIOT A

IIPEIBAPUTEIBLHOTO TECTUPOBAHUS AHKET.
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I'naBa 2

Cpennsin  apudMeTHyeckasi BeJUYMHA M €€ CBOMCTBA.
Cpennee apudgmeTndecKoe, KOTOPOE OUYEHb YACTO HA3bIBAIOT MPOCTO
«CpEelIHEE 3HAYEHUE), MOJIYYaAOT IYTEM CII0KEHUS BCEX 3HAYECHUU U JAECIEHUS dTON
CyMMbl Ha YHMCJIO 3HAQUY€HUH B BBIOOPKE. DTO MOXHO IOKa3aTh C IOMOIIbBIO
anreOpanueckoit ¢gopmynbl. HabGop N HaOmoAeHUN TEpEeMEHHOM X MOXKHO
n300pa3uTh, Kak X; Xz Xz ..., X, Dopmyny qnas omnpeAesneHus cpeaHen
apu(METHIECKON BETMYMHBI 0003HAYAIOT CIETYIOIIUM 00pa3oMm:

X1+X2+X3+. es +Xﬂ
X= n

Cpenusis apudmMeTHdeckast BeIM4ruHa 001a1aeT PsJIoM CBOMCTB:

1.  Ecam x xaxa0My 3HAYEHUIO BHIOOPKH MPUOABUTH WM OTHATH OJHY U Ty K€
BEJIMYMHY, WJIM YMHOXXHUTh U Pa3JICJIUTh HA OJIHY U Ty k€ BEJIUYMHY, TO CPEIHSSL

apI/I(l)MCTH‘ICCKaSI YBCIIMYUTCA UJIN YMCHBIIUTCS HA 3TY K€ BCIIMYHUHY.

2.  Anrebpanueckasi cyMMa OTKJIOHEHUH OTHENbHBIX BapHaHT COBOKYIMHOCTHU OT

cpenHen apuMeTHUeCcKO 3TOM COBOKYITHOCTH paBHA HYJIIO.

3.  Cymma KBaapaTOB OTKJIOHEHMH BapuWaHT COBOKYIMHOCTH OT CpeaHei
apru(pMETUYECKON X MEHbIIIE CyMMBbI KBaapaTOB OTKJIOHEHHUW OT JIO00H Ipyrou
BEJINYMHBI.

Cpenusisi apupMeTriecKasi BeIMYMHA SBIISETCS OUCHb BaXXHBIM MapaMeTpOM,
XapaKTepU3yIoIUM BBIOOPOYHYIO COBOKYMHOCTh. OHa HCHONB3yeTCS IS
XapaKTEPUCTUKH JIFOOBIX COBOKYITHOCTEH B TEXHUKE, METUIINHE U OMOJIOTHH.

Cpenusis apudpMeTnIecKast BEJIMYUHA SABJISICTCS 00001IeHHON
XapaKTepPUCTUKONW COBOKYMHOCTU. YacTo 3HaueHHEe cpeaHer apudMeTH4ecKou
BEJINYMHBI PEAIBHO HE CYLIECTBYET, Harpumep, 4,5 meHka u ap. B atoMm cmeicie

CpCaHAaAa apI/I(I)MGTI/I‘ICCKa}I ABIISCTCA a6CTpaKTHOﬁ BGHHHHHOﬁ, HO B, TO, )K€ BpCM:1
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OHA ¥ KOHKPETHAs BEIMYMHA, XapaKTePU3YIOIIasi TUTTMYHOE COCTOSIHUE TTPU3HAKA B
COBOKYITHOCTH.

[Ipu mpenocTaBieHUN PE3yIbTATOB B OMOJOTUU CpPeaHSS apu(MeTHIecKas
BenuuyrMHa oOo3Havaercs, kak M. Oco00 BaXHO 3HATh cpeAHee apuPpmMeTHYecKoe

3HAYCHHUE BHIOOPKAX C HEUETKUMU TPAaHHUIIAMU U OOJIBIIIMM pa30pocaM B 3HAUCHUSIX.

Ipumep.

N3mepsiiach yacTtoTa ceplieuHbIX cokpaiieHuid y 10 cTyeHToB mepBoro
Kypca Ha 3aHATUU (u3nueckas KyapTypa. [lomydensl cneayomuye JaHHbIE:

62, 65, 72,68, 69, 71, 63, 67, 64, 62

Cpennsist  apudmeTndeckass B OTOM ciay4dae OyAeT TOJCYUTHIBATHCA
CJICYIOIIUM 00pa3oM.

62+65+72+68+69+71+63+67+64+62 / 10=66,3

Cpennsiss apumeTnyeckasi BeIMUYMHA YaCTOThl CEPACUHBIX COKpanieHui y 10
CTYJICHTOB TIEPBOTO Kypca Ha 3aHATUM (Pu3nMyeckas KyJIbTypa cocTaBisieT 66,3.

CootBeTcTBeHHO M=66,3.
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CpenHee KBapaTHiecKoe 3HAYEHHE

bosee TOUHBIM NOKa3aTeNeM, XapAKTEPU3YIOIIMM BAPHUALIMIO WU PACCESHUE
BapUAHT BOKPYI CpPEIHEr0 apu(METHUYECKOTO 3HAYEHUs, SBISETCA CpelaHee
KBaJpaTuyeckoe 3HavYeHHe. OHO OCHOBAaHO Ha PAaCCMOTPEHUU OTKIIOHEHHUM
3HAYECHUM TNPU3HAKA OTACIBHBIX €IUHHI] COBOKYINHOCTH OT CpEIHEH
apupmerndeckoid. Ilpu 3TOM HCHONB3yeTCS CHOCOO YCPEIHEHHS] OTKIOHEHUM
BAPUAHTOB OT CpeaHed apudmeTnyeckoil, MO3BOJSIONUNA OOOWUTH TPYAHOCTD,
0OyCJIOBJIEHHYIO PABEHCTBOM HYJIIO UX alreOpandeckor cyMmbl. JlaHHBIN cioco0
CBOJIUTCSA K pacyuery KBaJApaTOB OTKJIOHCHUM BapUaHTOB OT CPEIHENM C HX
NOCHEAYIOIIUM YCPEAHEHUEM.

CpenHee KBaJpaTUUYECKOE OTKIOHEHHE (0) NPEACTaBISIET CO0ON KOpEHb

KBAJAPaTHBIN U3 JUCIIEPCUM:

| -
I |E?:j_ I:‘Tf: T "Tﬂ_-’ﬁ
O — yJd" — |

Cpez[Hee KBaAPATUICCKOC OTKIOHCHHC IIOKAa3bIBACT, HACKOJIBKO e CpCaHCC

KOJIeOJIeTCS B HMCCIENYEeMON COBOKYIHOCTH, M BBIPAKAETCS B TEX K€ EIUHUIIAX

U3MEPEHUS, YTO U BAPUAHTBHI.
[Tpumep
62-66,3=-4,3
65-66,3=-1,3
72-66,3=5,7
68-66,3=1,7
69-66,3=2,7
71-66,3=4,7
63-66,3=-3,3
67-66,3=0,7
64-66,3=-2,3
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62-66,3=-4,3

Bo3BoauM B KBaApaT KaxkJ10€ OTKIOHECHUE.
-4,3*-4,3=18,49

-1,3*-1,3=1,69

5,7*5,7=32,49

1,7*1,7=2,89

2,1*2,1=1,29

4,7*%4,7=22,09

-3,3*-3,3=10,89

0,7*0,7=0,49

-2,3*-2,3=5,29

-4,3*-4,3=18,49

Haxonum cyMMmy KBagpaTa KaxxJI0ro OTKIIOHCHUS
18,49+1,69+32,49+2,89+7,29+22,09+10,89+0,49+5,29+18,49=120,1

N3Bnexaem kopenb u3 120,1. Takum 06pazom, Mbl Berauciauiau 6=10,96.



Omuodka cpenneit apugmernyeckoi
JlJis mpeAcTaBlIeHUsT CBOUX PE3YyJbTATOB BAapPHAHTOB BBHIOOPKH YKa3bIBAOT
3HauYeHue cpeaHer apudmerndeckoit (M) u ommbku cpeaneit B Buae (M) M+wm, a Ha
rpadHKax yCTAHABIMBAIOTCS COOTBETCTBYIONIYIO OLIHOKY B BHIE —- T

Ota ommbKa onpesensiercs no Gpopmyre:

m:
n—1

['me m- ommobka cpenuei apuMeTHIecKoi,

IJI€ G - CpeJIHEE KBaJIpaTUUECKOE OTKIOHEHHE BRIOOPOUYHON COBOKYITHOCTH;
N - 00beM BBIOOPKH (YUCIIO U3MEPEHHUN HIIA UCTIBITYEMBIX ).

N3 dopmynbl BUIHO, YTO yeM OOJIbIe pazHOOOpa3ue IMpu3HaKa (BEIUYMHA
c), TeM OoJjblle OMMOKa, W 4YeM OOJIbIIIE YHCICHHOCTh BBIOOPKH, TEM MEHBIIEC
ommuoOKa

Ecnu Ob1 Bce 00OBEKTHI OBLIM OJAMHAKOBBI, TO €CTh pazHOOOpazue ObLUIO Obl
paBHO HYJIIO, TO U omKbOKa Obla Obl paBHa Hys0 (M = 0). B aToM ciydae gaxe
OJIMH JK3EMILISIP TOYHO XapaKTepHU30Ball ObI BCIO TEHEPATbHYIO COBOKYITHOCTb.

Hanpumep:

MpbI BBIUHMCITUIIN 3HAUYCHHUE G B MPEIbIAyIeH Ti1aBe (cM. BoIie). [t BBIOOpKH
menee 30 mcnonp3yercs 2 Gopmyna mojcyera cpeaHei apudmMerndecko. Ecim n
oomee 30 ucnonp3yercs neppas Gopmyaa. [loacTasiasem 3HaUCHUS:

m=10,96/3=3,65

Mp&1 nonmygaem 3HadeHue M=3,65.
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I'naBa 3
KpuTtepuii CTthio1eHTA.

OObluyHa cHUTyalUs HCCIENOBAHMS, KOTJa HHTEPECYIOUIEe HCCIEH0BATENS
CBOMCTBO HM3y4aeTcsi Ha JBYX WJIM OoJjiee BBIOOpKAaX C IEJbI0 MX JadbHEHIIEro
CpaBHEHHUS. OTH BBIOOPKM MOTYT HAXOJUTHCS B PA3IUYHBIX COOTHOIICHHUSX.
HezaBrcumbie BBIOOPKH XapaKTEPU3YIOTCS TEM, YTO BEPOATHOCTH OTOOpa JIF0OOTO
UCIIBITYEMOr0 OJHOW BBIOOPKHM HE 3aBUCUT OT OTOOpa JIHOOOr0 W3 HCHBITYEMBIX
Opyroil BeIOOpKH. KoIMUYECTBO HCIBITYEMBIX MOKET HE COBNAJaTh B MEPBOM U
BTOpOH BBIOOpKax. 3aBUCHMBbIE BBIOOPKM XapaKTEPU3YIOTCSA TEM, YTO Ka)XIOMy
UCIBITYEMOMY OJIHOM BBIOOPKHM MOCTaBJIEH B COOTBETCTBUE MO OMNPEICICHHOMY
KPUTEPHUIO UCTIBITYEMBIN U3 APYTOl BHIOOPKH.

Pe3ynbrarhl 71a00paTOPHBIX MCCIACAOBAHUN - HM3MIOOJEHHBIA OOBEKT s
CTaTUCTUYECKOM 00pabOTKM B HAy4YHBIX TpyJax IO CaMbIM pa3JIMYHbIM
crequaibHOCTAM. CIenuaiucThl OYEHb 4acTO HE MOTYT U3 OIPOMHOI'O KOJIMYECTBA
MaTepuaia BBIWIEHUTh HauOoJsiee BaKkHble pe3yiabTaThl. OueHb YacTo Takas
KapTHHA CBSI3aHHA C HE JKEJIAHWEM HCIIOJIb30BATh CTATUCTUYECKUNM aHAIM3 U HE
paBUJILHOE KCIIOJIb30BAHKME PAa3IUYHBIX KpuTepueB. [Ipexae Bcero, Heodxoauma
TOJIBKO HJEesA: 4YTO U C 4YeM OyneM cpaBHUBaTh. 3aTeM IMpPaBUIbHO BbIOpATh
KPDUTEpUM Ul ONPENEIICHUS JOCTOBEPHOCTM M TOJBKO 3aTéM TI'PaMOTHOE
UCIOJIb30BaHUE MaTemMaThueckux ¢opmyn. Haubonee yacto B HacTosiee BpeMs B
HAy4YHOU JHUTEpaType MOXKHO yBHIAETh t-kputepuil CTbIOJEHTAa W KpPUTEpPUU
Bunkakcona (Manu-YutHn).

t-kputepuii CrthlogeHTa — o00Illlee Ha3BaHUE g KJacca METOJ0B
CTaTUCTUYECKOM MPOBEPKHU TUMOTE3 (CTATHCTUYECKIX KPUTEPHUEB), OCHOBAHHBIX Ha
pacnpenenenun CteroeHta. Hambosnee dactele ciiydan NpUMEHEHUs t-KpUTEpHUs
CBsI3aHBI C TPOBEPKOM paBEHCTBA CPEIHMUX 3HAYECHHI B IBYX BBIOOpKaX.

Janubpiii kputepuii Obul pazpaboran YwuibsimMoMmM ['occeToMm il OLICHKH
KauecTBa NMBAa B KoMmmaHuu ['uWHHecc. B cBs3M ¢ oOsA3aTenbcTBaMU TEpen

KOMITaHHEH I10 HepasTJIallleHHI0 KOMMEpUYeCKOW TaiHbl (pykoBoACTBO I'mMHHecca
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http://ru.wikipedia.org/wiki/%D0%92%D1%8B%D0%B1%D0%BE%D1%80%D0%BA%D0%B0

CUMTAJIO TAKOBOW HCIMOJIb30BAaHHE CTATUCTHUYECKOIO ammapara B CBOeil paborte),
ctaths ['occeta Boinuta B 1908 roxy B xypHane «bruomerpukay moa mceBIJOHIMOM
«Student» (CtyaeHT).

JlaHHBIN KpUTEpUIl HAanOOJIee YaCTO UCIOIB3YETCS ISl MPOBEPKU THUIOTE3HI:
«Cpennue AByX BBIOOPOK OTHOCATCS K OJHOM M TOM K€ COBOKYIMHOCTH». B 3TOoM
cllydyae MOXHO MNPUMEHUTh Kputepuil CThrofeHTa (MpU YCJIOBUU JIOCTATOYHO
0ospmKuX 006EMOB BEIOOPOK (n>30), Wi yOeAMBIINCH, YTO CTATUCTUUECKUE PSIIBI
OJIM3KM K HOPMAJILHOMY 3aKOHY pacIipeecHus).

[Ipr UCIONB30BaHUM KPUTEPHUS MOXKHO BBIIACIUTH J1Ba ciaydas. B mepBom
ClIydyae €ro NPUMEHSAIOT Uil NPOBEPKHM THUIIOTE3bl O PABEHCTBE TE€HEPAIbHBIX
CPeIHUX JBYX HE3aBUCHUMBIX, HECBSI3aHHBIX BBIOOPOK (Tak Ha3bIBAEMBbII
IBYXBBIOOpOUHBIN t-kputepuil). B 3TOM ciydae ecTh KOHTpOJIbHAs TpyIma U
SKCIEPUMEHTANIbHAsL (OMBITHAS]) TPyMNNa, KOJUYECTBO HCHBITYEMBIX B TpYIIIAX
MOKET OBITh Pa3JIMYHO.

Bo BTOpOoM ciyuae, kKorja OJlHa U Ta XK€ rpynna OObEKTOB MOPOXKIACT
YUCIIOBOW MaTepuas JJisi NPOBEPKU THUIOTE3 O CPEAHUX, MCIOJIb3YyETCs Tak
HA3bIBAEMBIM MapHBIA t-KpUTEpHil. BEIOOPKH MPU 3TOM HA3BIBAIOT 3aBUCHUMBIMH,
CBSI3aHHBIMU.

PaccmoTpum nmpumMep NpuUMEHEHUS ABYXBBIOOPOYHOTO t-KpUTEpHs.

HccnenoBaiu 4acToTy CEpAEYHBIX COKpalleHUWW y CTyAeHTOB 1 Kypca Ha
3aHsATUU (pu3nueckas KyibTypa. [lepBas rpymnma cocrtaBuia CTYJICHTHI, BXOJSIIUE
0 MEIUIIMHCKOMY OCMOTPY B OCHOBHYIO rpynity. Ko BTOpoi#l rpynmne OTHOCHINCH
CTYJCHTBI, IO MEIUIIMHCKOMY OCMOTPY B JOIMOJHUTEILHYIO TPYIy (CTyIeHTam
MMeEJIM OTKJIOHEHUS B 3/10poBbe). KonuecTBO CTyZ€HTOB B MEPBOM TpymHIie paBHO
10, Bo BTOpOI¥i 9.

AJIrOpuTM pacueTa mapameTpoB PaclpeacICHUS:

1. Pasmemiaem moJjiydeHHBbIE JaHHBIE B TaOJWIlE B TNEPBOM BEPTHUKAILHOU

KOJIOHKE;

Ne YCC Ne YCC
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1 62 1 65
2 65 2 64
3 72 3 63
4 68 4 62
3) 69 3) 68
6 71 6 77
7 63 7 68
8 67 8 64
9 64 9 73
10 62

2. PaccuuThiBaeM cpeiHee apu(pMeTnuecKoe UMEIOIMXCS JaHHBIX:

1 66,3 2 67,2

3. Bropyro KOJIOHKY 3amojiHsieM OTKJIOHEHHSIMH JaHHBIX OT cpenHero 3HadeHus: X - M (u3
KQKJIOTO 3HAUCHUS BBIUUTACTCS CPEAHEE apU(PMETUUECKOE);

66,3+3,6 67,2+5,01
Takum o00pa3oM, B pe3yabTaTe HECIOXKHBIX pPACUETOB IIOJIy4aeM JIBa

OCHOBHBIX [apaMerpa — CpeaHee 3HauyeHue U CTaHJAapTHOE OTKJIOHEHUE,
XapaKTEPU3YIOLINX paclpesiesieHne MPU3HAaKa B COBOKYITHOCTH JIaHHBIX (B HalleM
CJlydae — 3HAYEHMs 4acCTOThI CEPACYHBIX COKPAILEHUM y CTYJEHTOB IIEPBOIO Kypca
OCHOBHOM U JJOTIOJHUTEIBHOMN TPYIIIBI).

[TonmyyeHHbIe pe3yabTaThl Mbl MOKEM 3amucath B popmare MEm.

Hau6onee mpocras popmya pacuera kputepusi CTbIOACHTA BBITJISAUT TAK:

5=M1_Mz

2 2

L TR

(B YUCJIUTCIIC — PA3HOCTb CPCAHUX 3HA4YCHUU ABYX I'PYIIII, B 3HAMCHATCJIC —

KBaJIpaTHBIﬁ KOPCHb N3 CYMMBI KBaJIpaTOB CTAHAAPTHBIX OIIMOOK ITHUX CpCI[HI/IX).

t=66,3-67,2N 3,6°+5,01°=-0,9/6,17=0,15

CpaBHI/IBaeM IMOJYYCHHOC B OKCIICPpUMCHTC 3HAYCHHUC t ¢ TabJIMYHBIM

3HAYCHUCM C YUCTOM CTeHeHeHn CBO60,I[BI.
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YPOBEHb 3HEHMMOCTH
' 0,05 0,01 0,001
15 213 2,947 4073
16 2,120 2,921 4,015
17 2,110 2,898 3,965
18 2,101 2,878 3922
19 2,093 2,861 3.883
20 2,086 2,645 3.850
21 2,080 2831 3.819
22 2,074 2,819 3,792
23 2,069 2,807 3,768
24 2,064 2,797 3,745
25 2,060 2,787 3,725
26 2,058 2,779 3,707
27 2,052 2771 3.6890
25 2,048 2763 3.674
29 2,045 2,756 3,659
30 2,042 2,750 3.646
31 2,040 2,744 3,633
32 2,037 2,738 3,622
33 2,035 2,733 3,61
34 2,032 2,728 3,601
35 2,030 2,724 3,591

TabnuuHoe 3HaueHue t KpuT paBHsiercs 2,093 npu 10MyIIEHUH BO3MOXHOCTH
pucCKa cJieflaTb OIIMOOYHOE CYXKJICHHWE B TMSTH clydasix u3 cra (ypoBEHb
sHaunmoctu=>5 % wm 0,05).

Ecnu mostyueHHOE B 3KCHEPUMEHTE SMIUPUUYECKOE 3HAYCHUE t MPEBBIIIACT
TaOJUYHOE, TO €CTh OCHOBAaHHWS NPHHATH albTepHaTUBHYIO runoresy (H1). B
skcnepumente t=0,15, tabnuunoe t=2,093, 2,093>0,15, oTkyaa ciaeayeT BBIBOJ O
TOM, YTO YacTOTa CEPACYHBIX COKPAIIECHUA Yy CTYJIEHTOB | Kypca HE 3aBUCUT OT
MEIUIUHCKOW TPYIIIbI.

JIaHHBI METOJ MCIIOJB3YETCS TOJBKO B CIyYasx, KOTJAa UMEETCS 2 TPYIIIbI.
OnHa KOHTpOJbHAs (MHTaKTHasi), a BTOpas JKcrnepuMeHTanbHas. KoimuecTBo
WHIUBHUIyATbHBIX TOKa3aTeJeii B TMEPBOM M BTOPOW TpyMIe MOXKET OBITh HE

OAHNHAKOBO.
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[Tpumep 2.

PaccmoTpuM mpumep, Korjga ogHa M Ta e Tpynna oOBEKTOB MOPOKIAET
YUCJIOBOM MaTepuan JUisi MPOBEPKM THUIOTE3 O CPEIAHUX, HCIOIb3YETCS TaK
Ha3bIBa€MbI MapHBIN t-KpuTepuil. BeIOOpKHM TpH 3TOM HA3BIBAIOT 3aBHCHUMbBIMH,

CBsI3aHHBIMHU.

B cinyuyae cBsi3aHHBIX BBIOOPOK C paBHBIM YHMCIOM H3MEPEHUU B KaXKIOU

MO>KHO HCIIOJIb30BaTh OoJiee MpocTyro popmyny t-kputepust CThIOJICHTA.

Brrancnenne 3nauenus t ocymiecTBisieTcs 1mo hpopmye:

d
t = —_—
axm Sﬁf

['me —d pa3HOCTH MEXTy COOTBETCTBYIONTMMH 3HAYCHUSAMH IEPEMEHHON My

U MepeMeHHO# M, a d - cpeqHee STUX Pa3HOCTEH;

Sd BerumcIseTCs MO ceayomiek Gopmyie:

. (24, )
= za‘: i

n-fn-—1r)

WY,

Ecimn tyn<tqur, TO HyJIEBas THUIIOTE3a IPUHUMAETCS, B IPOTHMBHOM CIlydae

IIPUHUMACTCA aJIbTCPHATHBHAA.

[Tpumep. M3yuancs ypoBeHb OpHEHTAIIMH YYaIIUXCS Ha XYI0KECTBEHHO-
acTeTHYeCKre MeHHOCTH. C MeNbI0 aKTUBU3AIMH (DOPMUPOBAHUS dTON OpUCHTAITUN
B OKCIICPUMCHTAJIIBHOW TPYIIIe IPOBOJMIINCH Oeceqbl, BBICTABKH JIETCKUX
PUCYHKOB, OBUIM OpTraHW30BaHBI IIOCEHICHUS MY3€€B M KapTUHHBIX Tajiepei,
IIPOBEACHBI BCTPEUU C MY3BIKAHTAMH, XyJOXKXHUKAMHU M JIp. 3aKOHOMEPHO BCTaeT
BOIPOC: KakoBa A(P(GEeKTUBHOCTh MpoBeeHHON padoThl? C 1eNbI0 MPOBEPKHU
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() EeKTUBHOCTH ATOM pabOTHI /10 Hayvaja SKCIEePUMEHTA U Tociie gaBaics Tect. U3

METOJIMYECKUX COOOpaKeHUW B TaONMUIE HPUBOIATCS PE3YJIbTaThl HEOOIBIIOTO

qucCiia UCIIbITYCMBbIX.

Pe3ynbTartsl 3KCiepuMeHTa

banabl BcnomorarejabHbIe
pacyeThl
YUeHHuK 10 HAYaJIa B KOHIIE d d?
H IkcnepuMenTa (X)
IkcnepumenTa (Y)
(n=10)

HNBanoB 14 18 4 16
HoBuxos 20 19 -1 1
CunopoB 15 22 7 49
[Tuporos 11 17 6 36
Araros 16 24 8 64
CyBopoB 13 21 8 64
PeDKUKOB 16 25 9 81
CepoB 19 26 7 49
Tonopos 15 24 9 81
bricTpoB 9 15 6 36
> 148 211 63 477
Cpennee 14,8 21,1

BHauase npousBeneM pacyer o popmyie:

73

i

24

o 53=
2 e

&, 3

3atem nmpuMeHUM (HOPMYITY, TTOTYIUM:

)

. (2,4
_ Zda - »

W, nakoner, cieayeT npuMeHUTh popmyay. [lomyuum:

776363 )10 ]'4??—3‘5'-'&53
n-fn-17)

10.¢10-1) '

o

=i, 500 =0,243
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d 63

f == =6,678
Sd 0,943

Yucno creneneir ceodonbsl: k=10-1=9 u no tabmauue HaXOAUM t, =2.262,
JKCIIepUMEHTaIbHOEe  1=6,678, oOTKyma ciemyeT BO3MOXKHOCTh — NPHUHSTHSA
allbTepHaTHBHOW  rumote3sl  (H;) 0O  JIOCTOBEpHBIX  Pa3IMUUAX  CPEIHUX
apu(METHIECKHX, T. €. JIeJIaeTCS BBIBOJ 00 3(P(HEKTUBHOCTH IKCIIEPUMEHTATILHOTO

BO3JEUCTBUSL.

B TepMuMHaxX CTaTUCTHYECKUX TUIIOTE3 TIOJYYCHHBIM pe3yabTar Oyaer
3By4aTh Tak: Ha 5% ypoBHe rumnote3a Hy oTkioHsIeTCs 1 mpuHuMaeTcs tunortes3a Hy,
U obo3Hauathcsi Kak p<0,05 u COOTBETCTByIOIUM CcUMBOJIOM (*), AByMs
cumBosiaMu (**) oOo3nauaercs p<0,01. Takoe oOO3HaueHHWE B TAOJMIIAX W Ha
rpadukax IpUHATO, KaK TUIIOBOE U HE TPEOYET NOMOJHUTEIbHON pacliuQpOBKU.

B nHacrosiee Bpemsi mpuUMEHSIOTCS 00a MOAX0/Ja K CPaBHEHUIO JIBYX TPYII
M0 KOJMYECTBEHHOMY MPHU3HAKY: MyTEM IMPOBEPKU CTATUCTUYECKUX THIOTE3 U C
UCIIOJIB30BAaHUEM JIOBEPUTEIBLHOIO MHTEpBAJIa. DTU JBA MOJAXO0Aa JAIOT OTBETHI Ha
pas3liuuHbIe BOMPOCHI: B TEpPBOM ciydae, — «B kakol cTenmeHu MOXKHO OBbITh
YBEPEHHBIM, 4YTO  Pa3jJu4yus  MEXJIy  T'€HEpPaIbHBIMU  COBOKYIHOCTSIMU
JNEUCTBUTEIBHO CYIIECTBYIOT?», BO BTOpOM — «HacKoIbKO BENWKH pa3auyus
re€HEpaIbHbIX COBOKYITHOCTEM ?»

O0a nmoxoAa OCHOBAHBI HA OJTHUX U TEX K€ JAOMYIIECHUSIX U CTATUCTUUECKUX
MPUHIIMIAX, TTOATOMY CKOpee HE KOHKYPUPYIOT, a JOTOJHSIOT APYT Apyra. Tem He
MEHEe, 3HaUCHHE TOAX0/Ia C MOCTPOSHUEM JOBEPUTEIHLHOIO MHTEpPBaJIa Bce OoJiee
BO3pacTacT. 3HAKOMACh C pabOTOH, cojepiKamled UMb CPeAHUE 3HAYCHUS,
CTAaHJAPTHBIE OIIMOKM CPEAHUX W  YUCIO HAOIIOJCHUH, MBI  MOXKEM
CaMOCTOSITEJIbHO PAacCUUTaTh JOBEPUTEIbHBIA MHTEPBAJ, YTOOBI MOHSTH, HUMEET

HCCIICAOBAHHUC CYPY6O AKaJICMHUYCCKYIO 00 CUIC MU IIPAKTHYCCKYIO HCHHOCTD.
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I'naBa 4
Kpurepuiit Buikakcona-MaHHu-YUTHH.

U-kputepuii Manna — Yutrau (anri. Mann — Whitney U-test) —
CTaTUCTUYECKUN KPUTEPHM, UCHOJIB3YEMBIN i1 OUECHKH Pa3JIMYMi MEKIY JIBYMS
HE3aBUCUMBIMU BBIOOpPKaMHU IO YPOBHIO KaKOTO-JIMOO MpHU3HAKA, HU3MEPEHHOIO
KOJIM4eCTBEHHO. [103BOJIAET BBIABIATH pa3inuvsg B 3HAYEHUU MapaMeTpa MEXIy
MasibIMu BbIOOpkamu (N<3).

Jpyrue Ha3BaHus: kpurepuid ManHa — YUTHu — YUIKokcoHa (anra. Mann
— Whitney — Wilcoxon, MWW), kputepuii cyMMBbl paHTOB YHIKOKCOHA (QHTJI.
Wilcoxon rank-sum test) wiu kpurepuii Y nikokcona — MaHHa — YWUTHH (aHTL.
Wilcoxon — Mann — Whitney test). Pexxe: kpuTepuii unciia UHBEPCHH.

JlaHHBIN METOJ| BRISIBJICHUS Pa3IMUUdid MEXIY BHIOOpKaMU ObUT MPEIJIOKEH B
1945 ronmy ®psnkom Ywuiakokconom (F. Wilcoxon). B 1947 romy oH ObuI
CYyIlIECTBEHHO niepepaboTtaH u pacuupeH X. b. Mannom (H. B. Mann) u JI. P.
Yutau (D. R. Whitney), no nMeHaM, KOTOPBIX CETOIHS OOBIYHO 1 Ha3bIBACTCS.

Kpurepunii npyuHrMaeT BO BHUMAaHUE HE TOJIBKO 3HAKU PA3HOCTEH, HO U UX
BEITMYMHY, ¥ TIO3TOMY SIBJISIETCS OOJie€ MOIIHBIM KpuTepuem. NHauBHIyanbHYIO
Pa3HOCTh PACCUMTBHIBAIOT JUISl KaXKJIOW Mapbl pe3ynapraroB. HyneBeie pazHOCTH
KJIACCU(PUIIMPYIOT KakK MOJOXKHUTENbHbIE WM  OTpuLarenbHble. Pa3zHoctu
pacrnoJyiaraloT B TMOPSJAKE MX MOAyJs 0e3 ydera MX 3HAKOB U COOTBETCTBEHHO
PaHXXUPYIOT.

U-kputepuidi MaHHa-YUTHU UCHOJB3YETCS IS OLUEHKU PA3TUYUN MEXTY
JIBYMSI MaJIbIMU BbIOOpKamu (n1,N>3 wian n;=2, N>5) 10 ypOBHIO KOJWYECTBEHHO
u3MepsieMoro mnpusHaka. [Ipu 3ToM mepBoil BHIOOPKON MPUHSATO CUUTATH TY, TJIE
3HAYEHUE MPU3HaKa OOJIbIIIE.

CymiecTByeT HECKOJIbKO CIOCOOOB HMCHOJIb30BaHUS KPUTEPHSI U HECKOJIBKO
BApUAHTOB TaOJIMIl KPUTUYECKUX 3HAUYCHHM, COOTBETCTBYIOIIUX 3TUM CHOCOO0am
(I'yonep E. B., 1978; Pynuon P., 1982; 3axapos B. Il., 1985; McCall R., 1970;
Krauth J., 1988).
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OTOT METOJ ONPENEIIAET, TOCTAaTOYHO JIM Majla 30HA NEPEKPEIIMBAIOIIMNXCS
3HAYEHUW MEXIy ABYyMs psiaamMu. Mbl moMHUM, 4TO 1-M psjgoM (BBIOOPKOW,
IpYIION) Mbl Ha3blBa€M TOT psiJ 3HAYECHHU, B KOTOPOM 3HA4y€HUs, MO
NPEABAPUTEIIBHON OLEHKE, BBIIIE, 4 2-M PSAOM - TOT, T/I€ OHU MPEANOIOKUTEIBHO
HUXKE.

Yem MeHbIIIe 001aCTh IEPEKPEITUBAIOIIMXCA 3HAUCHUH, TeM 00Jiee BEPOSITHO,
YTO pasinyus AOCTOBEpPHbl. MHOrga STH pasnuyus HA3bIBAKOT PA3IUYUSAIMHU B
pacnoJIoKEHUU ABYX BHIOOPOK.

Paccmorpum  amroputm  npumenenuss  U-kputepus — MaHHa-YuTHU:

l.Ilepenectr Bce NaHHBIE UCIBITYEMBIX HAa MHAWBHIYaJbHbIE KapTOUKH,
MOMETHUB KapTOUKHU 1-i1 BHIOOPKHU OJTHUM I[BETOM, a 2-i — IPYTUM.

2.Pa30XuTh BCE KAPTOUKU B €AUHBIN PSAJ 110 CTEIIEHU BO3pPACTAHUSA
MpU3HAKA U MPOPAHKUPOBATH B TAKOM TOPSIIKE.

3.BHOBB pa3ioKUTh KAPTOUKHU I10 [[BETY HA JIBE TPYIIIbI.

4. 1lopcuntaTh CyMMY pAaHTOB OTAEJIBHO IO TPYyINIaM W TNPOBEPHUTH,

COBIIAJacT Jik 00IIasi CyMMa PaHToOB C PacueTHOM.

5. Onpeaenuth OOJBIINYIO U3 IBYX PAHTOBBIX CYMM

6.BerunciauTe smnupudeckoe 3HaueHue U:

U=ﬂ1-ﬂ2+ﬂj‘.{ﬂx+1}—T

2 A

II¢ - KOJUYECTBO MCIBITYeMbIX B - BbIOOpke (I = 1, 2), - KOJUYECTBO

UCIIBITYEMBIX B TPYIIIIE ¢ OOJBIIEH CyMMOM paHTrOB.

7.3agaTh ypOBEHb 3HAYUMOCTH 0 ¥, HCIIOJIb3YS CIEUUANbHYIO TaOIuIly,

OIpeeNuTh Kputndeckoe 3Hauenue U,,(a). Ecin , To Hy Ha BeIOpanHOM

YPOBHC 3HAYUMOCTHU TPUHHUMACTCA.

Paccmotpum ucnonszoBanue U kpurepust ManHa-YUTHU Ha OpUMEpE.
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[IpoBenieHre KOHTPOJIBHOU PabOTHI MO MaTeMaTuke (ajaredpa u reoMeTpusi) B
cpenHel 001eo0pa3oBaTeILHON IIMKOJIE Jaio CileAyromue pe3yiabTaThl mo 10-
OaJUIbHOM IIKajie s Kiacca, oOydarolmierocsi mo mnporpamme «Pa3BHUBaromiero

obyuenus» (7 «by»), u Kiacca, o0ydaromerocs o TpaauiuoHHoM cucteme (7 «A»):

YdeHuk \ 7 «A» (6ayuTe) 7 «b» (0asbI)
Kimacc

1 9 5
2 7 10
3 7 7
4 8 8
5 6 8
6 4 4
7 4 6
8 8 8
9 6 8
10 6 9
11 5 7
12 - 10

Onpenenute, NPeBOCXOIAT Jiu yyamuecs 7 «by» ydammxcst 7 «A» 1o ypOBHIO
3HAHUM IO MATEMATHKE.

CpaBHEHME pe3yJbTaTOB MOKa3bIBAE€T, YTO Oalljibl, MOJYYEHHBIM 3a
KOHTPOJIbHYIO padoTy, B 7 «b» Kacce HeCKOJIbKO BBIIIE, TO3ATOMY MEPBOM CUUTAEM
BBIOOPKY pe3ynbsTaToB 7 «by» kiacca. Takum o6pa3zom, HaM TpeOyeTcs: OnpeIeTuTh,
MO>XHO JIM CUMTATh WUMEIOIIYIOCS Pa3HUILy MEXAy Oanmnamu cyiiecTBeHHou. Eciu
MOJKHO, TO 3TO OyJeT 03HayaTh, 4TO Kjacc, OOy4arOIIUNACS MO CUCTEME
«pa3BUBAIONIETO 00YYEHUs» UMEET OoJiee KaueCTBEHHbIE 3HAHUS 110 MaTeMaTuke. B
OPOTUBHOM CiIy4yae, Ha BBIOPAHHOM YPOBHE 3HAUYMMOCTH PA3IUUYHME OKAXKETCS
HECYIIECTBEHHBIM.

JIist OIeHKHM pa3iIuduii MEXIy ABYMS MallbIMA BBIOOpKamMH (B JTaHHOM
npuMepe ux 00bEMBI paBHBL: N;=12, N,=11) ucnonp3zyem kputepuit ManHa-YuTHuH.

[Ipopankupyem npeicTaBICHHYIO Ta0IuUILy:

7 «b» (6abI) paHr [ «A» (Gamb) paHr
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10 22,5

10 22,5 9 20.5
9 20.5 8 16.5
8 16.5 8 16.5
8 16.5 7 11.5
8 16.5 7 11.5
8 16.5 6 7.5
7 11.5 6 7.5
7 11.5 6 7.5
6 7.5 5 4.5
5 4.5 4 2

4 2 4 2
Cymma: 168.5 Cymma: 107.5

[Ipu pamxupoBaHMM OObEIWHSEM JBE BBHIOOPDKM B OJHYy. PaHru

IIPUCBAaNBAIOTCA B MOPSAJIKE BO3PAaCTaHHs 3HAYCHHSI W3MEPSEMOM BEJIIMYUHBI, T.C.
HAaUMEHBIIEMY PaHTy COOTBETCTBYET HAaMMEHBIIMHA Oajul. 3aMeTHUM, YTO B Cllydae
coBMaJieHus1 OayuioB Il HECKOJbKHUX YYEHHKOB paHI Takoro Oajia clexyer
CUMTATh, KaK CpefHee apu(PMETHUECKOE TEX MO3UIINI, KOTOPhIE 3aHUMAIOT JaHHBIE
OaJIbl MPU WX PACHOJOXKEHUM B TOpsiAKe Bo3pactanus. Hampumep, 4 Oanna
NoJIydriii 3 ydyeHuka (CM. TaOiuIly). 3HaYuT, epBhIe 3 MO3UIIUU B PACTIONOXKECHUU

3aimMET Oasut, paBHbI 4. [TosTomy panr st 4 GaioB — 3TO cpeaHee

apudmeTrdeckoe s no3unuit 1, 2 u 3, win:

AHaNnoOruyHO paccyxaaeM MpHU BBIYUCICHUHM paHra st Oajuia, paBHOTO S.
Takoit Oamn TOMYyYWJIM JBOE YYalIUXCs. 3HAYUT, TPH pPaCOpeNesIeHUH IO
BO3pPACTAHUIO TIEPBBIE TPHU TMO3WIIMU 3aHUMAET Oasul, paBHBIA 4, a YETBEPTYIO U
MATYIO TO3UIMKU 3aiMEr Oasui, paBHbld 5. [lodToMy ero panr OyaeT paBeH
cpeaHemMy apudMeTHIEeCKOMY Mex 1y uuciaamu 4 u 5, T.e. 4.5.

Hcnonb3yss mpeioKEHHBINM TPUHLIMI PaHXUPOBAHUS, TOJIYYHUM TaOJIUITY
paHroB. 3aMe€THM, YTO BBIOOP CpeIHEro apu(PMEeTHIECKOrO0 B KAYECTBE paHTa

MPUMEHSIETCA TPU JIIOOOM PaHXKUPOBAHUU, B TOM YUCIIE HEOOXOAUMOTO U JIJIS
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BEIYHMCIICHHUSI JPYTUX KPUTEPHEB JIOCTOBEPHOCTH WU ke Koddduimenta
koppeisauu CrnupmeHa.

Uto0bI UCNOJIB30BaTh KpUTepuii MaHHa-YUTHHU, paCCUUTAEM CYMMBbI PaHTOB
paccMarpuBaeMbix BbIOOpoK. CyMma naiisi mepBod BbIOOpkM paBHa 168,5, s
BTopoit — 107,5. O6o3HaunM HamOonbmyr0 u3 3THX cyMM depe3 Ty (Tx=168.5).
Cpenu o0BEMOB N; M N, BBIOOPOK HAWOOIBIIUK 0003HAUMM Ny. DTHUX JTaHHBIX
JOCTaTO4YHO, YTOOBI BOCIIOJNB30BAThCS (HOPMYJIOM pacdyéra HIMIUPUUYECKOTO

3HAYEHUSI KPUTEPUSL:

+1
HJC(H)‘: ) _Tx
2

“amrz — an2+

T,=168,5, n,=12>11=n,. Torxaa:

', :11-12+¥—153.5:41.5

Kputndeckoe 3HaueHWe KpUTEpHUs HAXOAUM II0 CIIEIUAILHONM TalJuIle.
[Tycth ypoBenb 3HaunMoctu paBeH 0.05.

['mmote3a Hy 0 HE3HAYMTENBPHOCTH pa3Inyuil MEXIy OayylaMu ABYX KIJIacCOB
IPUHUMAETCS, €CIU Uy<U,,;. B mpoTuBHOM ciiydyae Hy oTBepraercs u pasnuuue

OIIPCACIIACTCA KaK CYHICCTBCHHOC.

u_(0.05)=35.

N1

o

SN
;Jl
|!

i

u,, =35<

CrnenoBarelnbHO, pa3iuuus B YPOBHE 3HAHMN IO MaTeMaTUKe Cpeau
y4alxcsi MOKHO CUYMTATh HECYIIIECTBEHHBIMH.

Cxema wuCnoNb30BaHUS KpUTEpUsd MaHHA-YUTHU BBIVISIAUT CIECAYHOLIUM
obpazom

1. TlomeTtuTh naHHbIe ABYX BBIOOPOK X U Y U MPEACTABUTH UX B BHUJIC

CANHOT'O YIIOPAAOYCHHOTO psaaA.
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2. [locuntath CyMMy paHTOB OT/EIHLHO ABYX BEIOOPOK.

3. OnpenemuTs Uy, U €CIHU Usyn>Uyp, TO Ho IprHUMaeTCs.

4. Onpenenuts OONBIIYIO U3 IBYX PAHTOBBIX CYMM [y U €€ 00BEM Ny

5. BBIUMCIHUTB SMIIMPUYECKOE 3HAUCHHE.

6. [IpopamxupoBaTh MOTYUYEHHBINH PSJ U BHOBb PAa30UTh €0 Ha JIBE 3a/IaHHBIC

BBIOOPKU 0OBEMaMu Ny U Ny

[IpopaExHpOEATE
MIOJTYHEHHELR AT H BHOBE
pashHTE 670 HA MBS Sa0AHHEIE
BrIOpEH obBEmManDT 0y H g

.

[ToMeTHTE JaHHEE IEVE
BrIbOpoE X B Y H OPECTAEHTE
I B BHIE EOHHOTO
FIIOPAROHEHHOT 0 PARA

OnpenenuTh Uy, H eClH OmpenemHTs BObIIyES 1
Uspr e, T Hy \ OEVE PAHTOBLIX CYMM Ty H eé
NpHHHMAETCA 0bBEM 1y,
Brmgucnute
SMIHPHYECKOE SHAYEHHE
ol +1
umx = Hlﬂ2+ M— T?f
Kpurepuii BunkokcoHa - OJMH M3 CaMbIX HM3BECTHBIX HHCTPYMEHTOB

N

Ilocuutate cymMmy pauros
OTAENEHG OEVE BHBOPOK

L

HenapamMeTpU4ecKoil CTaTUCTUKH (HapsAay co cratuctukamMu tumna KomMoroposa-

CMupHOBa 1 KO3 PUITMEHTAMHU PAHTOBOUW KOPPEISAIUN).
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4.2 Kputepuii BUiKoKkcoHa 1JIs1 CONPSIZKEHHBIX pacnpe/ieaeHui

B skcnepuMeHTaIbHBIX MCCIECIOBAHUSIX BO3HUKAET HEOOXOAMMOCTH s
Ka)KJIOTO BapUaHTa ONbITa UMETh U BapHaHT KOHTpoJisl. HacTo OmbIT U KOHTPOJb
OCYIIECTBIISIETCA HAa OJHUX M TeX ke ocobsix. Hampumep, mamepsercs KpoBsSHOE
JABJICHUE y HECKOJBKHX YEJIOBEK B IOKOE, a 3aT€M MCHBITYEMBIM Ipeaiaraercs
onpeneeHHass OJuHaKoBas (hU3MYecKasl Harpy3Ka, MocCje Yero BHOBb U3MEPSIETCS
KpoBAHOE JaBieHue. IlockonbKy ABa mokas3aTessi KpOBSHOTO JaBJIEHUS U3MEPEHBI Y
OIHOTO M TOTO € YEJOBEKAa, TO TAKHE BapUaHThl CIIEAYET CUYUTATh IOMAPHO
CONPSDKEHHBIMA M B TAaKOM CJIy4yae [JIs BBISBICHHS CXOACTBA WIHM pPa3nyuid
XapakTepa pacopeiesieHus 2-X COBOKYIHOCTEM  HUCIONb3YEeTCS  KPUTEPHid
BuiikokcoHa i1l CONpsKEHHBIX Tap.

ITpumep

Bocnone3yemcst T-kpurepueM uii TPOBEPKH TMOJYYEHHBIX dYepe3 -
Kputepuil pacueroB. Paccmorpum mnpumep, Imosaras, 4YTO JAaHHBIE IIONAPHO

COIIPAKCHBI, TOI'IA

(n=10) [TokazaTenu CHCTOTNYECKOTO KPOBSIHOTO JIABJICHUS

Jlo Hayana B konue Pa3zHocth o2

9KCIIEPUMEHTA | SKCTIEpUMEHTA d
(X) Y)

MBaHoB 120 130 10 100
HoBukos 118 125 7 49
CunopoB 115 127 12 144
[Tuporos 123 130 7 49
Ararnos 130 131 1 1
CyBoposB 127 136 9 81
ProxukoB 124 134 10 100
Cepos 127 136 9 81
Tomnopos 126 131 5 25
bricTpos 127 131 4 16
> > x=1237 >y=1311 >d=74 >d*=646
Cpennee x=123,7 y=131,1 d=7,4

Jl1st BeIuncCIeHus t UCIoJib3yeM clieaytonue GopMyJbl:

tdzd/Sd

-
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S S/n(n-1)
S=Xd*>d/n
Bcrasisiem B popMyIibl HOTYy4YEHHBIE PE3YIIbTATHI:
S=646-74°/10= 646-5476/10=646-547,6=98 4
S¢=\] 98,4/10*9=1,0455
t=7,4/1,0455=7,078
CpaBHHBaeM TONydeHHBIC 3HAYCHUS ty ¢ TaOnmmuHbIMU 3HaueHUsMU Of (CM.
IPUIOKEHUE).

Jis di=n - 1=10-1=9 U3 Tabmu1bl 1 (CM. IPUITOKCHHMS )

uMeeM:

te 2,3- P=0,95 WIN P=0,05
3,3 - P=0,997 P=0,003
4.8 P =0,999 P=0,001

[Tockonbky ty >ty mpu p = 0,05 HyneBas runoTe3a NpUHUMAETCS, T.€. MOCIe

Harpy3Kn CUCTOJIMYCCKOC JaBJICHHC CYIICCTBCHHO YBCIMYUBACTCA.
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I'naBa 5. KoppeasimuoHHbIi aHa U3

KoppeasiumoHHbIH aHAJM3— OJIMH W3 METOJOB UCCJIEA0BAaHUS B3aUMOCBS3U
MEXIy JByMs wWiIu Oojiee TEepeMEHHbIMH. MHOTHE MHOTOMEpPHBIC MO
OCHOBAHBI HA aHAJIM3€ KOPPEISIMOHHBIX WA CBSI3aHHBIX C HUMHM KOBapUAIIMOHHBIX
Ta0JIUII, TOCTPOCHHBIX JIJIT MHOYKECTBA TTIEPEMECHHBIX.

Tepmun «xoppensius», OYKBaJIbHO O3HAYAIOIIUM «COOTHOIICHHUE» WJIN
«B3aMMOCBSI3b», UMEET CIEAYIOIIUM CMBICI: KOPPESAIUS €CTh HAIMYUE B3aUMHOM
COTJIACOBAHHOCTH B M3MEHUMBOCTH JIByX WJIM HECKOJBKHX MPU3HAKOB, SIBICHUI.
KoppensiiuoHHblii aHaIu3 U3y4daeT COMNPSDKEHHYIO U3MEHYMBOCTh JBYX WU
HECKOJIPKUX TMpu3HakoB. PaboTra mo mpoBEAEeHHIO KOPPEIAIMOHHOTO aHaIn3a
HAYMHAETCS C MOCTPOCHUS KOPPEALMOHHBIX perieTok. [IycTh mMeercss BBIOOpKa
HaOmonenu (x, y) u3 nomymssuuu W. Ilpudyem x u y— ciydaiiHble BEIUYHHBI.
Koppensitiuonnasi pemierka s JIByX IMEPEMEHHBIX (MPU3HAKOB) MPEICTABISET
co0oi TabNUIly U3 m XK KJIETOK, IJiI¢ M U K — YUCJIO 3HAYCHUU MPU3HAKOB X U ).
3HayeHUs TMPU3HAKOB YJOOHO pacmoyiaraTh B BO3pACTAIONIEM IMOPSIKE ClIeBa
HaIlpaBoO ISl X M CBEPXY BHU3 I . B KieTkax TaOMHIBI TPOU3BOAAT PA3HOCKY
COMpsDKEHHBIX YacToT fy, (drncno HabmoneHnit co 3HAYCHUSIMH TIPU3HAKOB X U Y) B

3aBUCUMOCTH OT 3HAUYCHUM ABYX IIPU3HAKOB OAHOBPEMCHHO.

Cxema KOppeJsIIMOHHOM PEIIeTKH

X X1 Xg X3 cee Xk fy
Yy

Y, Fu F1 Fis Fu Fy
2 Fa F2 Fas Fax Fy2
Y3 Fa: Fs Fas Fax Fys
ces le I:m2 FmS ees ka I:ym
Ym

fX I:xl I:x2 I:x3 vee ka n

fy , f— "acToTsl BapmanMoHHBIX psnoB, fj— compspkeHHBIE YacTOTHL, N— 00BEM

BBIOOPKHU, X, )— 3HAYEHUS IPUZHAKOB:
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.f;,l :Z.fgu Jj=l=+k
]
&

f;dzz_féu_. i=]1+m
f=l

n=>f, =21,
=l 1=l

Jnst pacdera kod(ppuuMeHTa KOppensuud HEOOXOAUMO MpPEeABAPUTEIHHO

paccuuTatb ~ HEKOTOphIE  CTAaTUCTUKH  (CpeIHHE  3HAYCHUS,

JUCIICPCHIO,

CPEIHEKBAAPATUYHOE OTKJIOHEHUE, KOPPEISALMOHHBII MOMEHT) MO CIIEIYIOIIUM

dbopmynam:
3 m
_ Z-’f‘x}'x! _ Zf,a'.}?e
=2t ) y= i=1
n H — Cp€AHHUC
* 7 1 * 7
(Zf;,lx,l __(Zf;,l'x,lj J
ot = = Mo
: n-1
1 - 1 - N
(Zf;a '}’f - _(Zf;a ¥ f J
o=t Bl
’ n-1 — TUCTICPCUN
a, =./0F
o =D,
4 - — CpeI[HeKBaI[paTI/II{HBIe OTKJIOHCHUA

1 m 1+ m
m, = __(ZZ.JF;I TR __(Z.f:,l T 'Z.f,a .
n-1 Mo 1=l

sl el
]

me — KOppeJIHHI/IOHHBIﬁ MOMCHT.

Jl71st ynoOcTBa pacyeToB peKOMEHIYETCSI 3aIIOJTHATH Ta0.
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Tabauia as pacuera ko3 puiineHTa JMHEHHON KOPPEISIIIUU

X X[ |x [ [ty |, Vi, | L
%fy'xf i =i

y

1 12 |3 |4 |5 6 7 8 9 10

Yo [fu [ f2 | L] fu

Yo [foar [ F2 | ... | fa

Ym fml fmz fmk

i

fyi

X

1 12 |3 |4 |5 6 7 8 9 10

fyi

X4

Koaddurment muaeitHOM KOPPESIIMN pacCunuThIBAETCA 10 PopMynam:

538y =)

":g‘;’ - JE(X;‘XJ g[}'a_.}’j .

Boeiuncnenus mo BTopoit ¢gopmysie 6oJjiee TPOMO3IKH, T.K. OTKJIOHEHUS OT
CpEIHEN HAXOAATCS JJI KaXKA0M CONMPSI)KEHHOW 4aCTOTHI.

3HadyeHue ko3 uIMeHTa Koppeasiiuy 3aKJIIo4eHo B mpeaenax ot -1 mo 1.
[TonoxxutenpbHOe 3HaUYeHUE KOA(P(UIIMEHTAa YKa3bIBACT, UTO V HMMEET TEHJCHIIUIO
BO3pacTaTh COBMECTHO C X, OTpHUIaTeIbHOE HA000pPOT — YV yMEHbIIAeTCs C
Bo3pacTaHueM X. DKcTpeMainbHOe 3HaueHue (-1 wiu +1) coOOTBETCTBYET MOJHOU
JMHEHHOM 3aBUCUMOCTH MeXay X u V. Uem Ommke k0dGDUIHEHT Koppesunn K 1,

TeM OJIMXKE 3aBUCUMOCTD K JUHEHHOM.
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SAK/IIOYEHUE

B 3akmroueHnMn  HEOOXOAMMO  BBICKA3aTh  CIEAYIOLIEE  3aMeyaHHe.
Wcnonp30BaHue TOro WM HMHOTO METOJAa MaTeMaTHYeCKOM CTAaTUCTUKU
OIpeAeIsAeTCs, BO-NEPBbIX, TEM, YTO KAXKIbI U3 METOJOB MMEET OIpE/IeICHHbIC
IpaHMIBl NPUMEHUMOCTH. Mcronb3oBaHWE K€ METOJOB BHE TpaHHIl UX
BO3MO’KHOCTEH MPUBOAUT K OIIMOOYHBIM BbIBOAAaM. [103TOMy Ba’KHBIM MOMEHTOM
npu 00pabOTKE SKCIEPUMEHTAIIBHOIO Marepuaia SIBISETCS BbIOOp aleKBAaTHOMU
MaTeMaTUYeCKOW MOJENH, a Il 3TOr0 SKCIEPUMEHTATOpPy HEOOXOAMMO SICHO
IPEACTABIIATh, C OJHOW CTOPOHBI, LEIW W 33Ja4d HCCIEIOBAaHMS, a, C JAPYrou
CTOPOHBI, CMBICJI IPUMEHSIEMBIX METOJ0B MaTeMaTUYECKOH 00pabOTKHU.

B HacrosieM y4eOHO-METOAUYECKOM MOCOOUH M3JI0KEHBI 0a30BbIE METOJIbI
CTaTUCTUYECKOTO aHajiM3a OHOJIOTMYECKOr0 HKCIIEPUMEHTAIIBHOIO MaTepHalia.
KoHeuHO, npuBeneHHbIE  METOABl  aHaJIM3a HE  HCYEPHBIBAIOT  BCErO
MaTeMaTHYeCKOro  apceHana, KOTOpPhIM MOXeT ObITh HCIOJNb30BaH MpH
CTATUCTUYECKOM aHaju3€ JaHHbIX. Tak, B OMOJIOTMU YaCTO UCIOJIb3YIOTCS YaCTHBIE
KO3 PUIMEHTHI KOPPENSILIMM U PETPECCUU, PAHTOBBIE KOA(DPUIMEHTHI KOPPENSIIUU
U Jpyrue. B HemapaMeTpuyecKoul CTaTHCTHKE, KpOME MeEToJa X2, MEeToja
KonmoropoBa-CmupHOBa 1 Metoga BHIKOKCOHA Takke CYyLIECTBYIOT U JIpyrue
METO/BI.

OpHako OBJIaJICHHE OCHOBHBIMHM, HauOOJiee HCIOIb3YEMBIMU METOJAMMU
CTaTUCTUYECKOM  OOpabOTKM  3KCIEPUMEHTAIBHOIO  Marepuana,  sBJSeTcs
00s3aTeIbHBIM YCJIOBUEM [IJIi OCBOCHHMSI JPYTMX MeEHee oO0ImmX meTonoB. Huxke
OPUBOAUTCS CHUCOK KHUT MO MAaTE€MaTUYECKOW U OMOJOTMYECKOM CTAaTUCTUKE, B
KOTOpBIX 00JIe€ TMOJIHO TMPEACTaBICHbl METOAbl CTAaTUCTHUYECKON 00pabOTKU

SKCIICPUMCHTAJIBHOI'O MaTCpHraa.
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[Ipunoxenune

Ta6muna 1 CrangaptHbie 3HaueHUs Kputepusi CTbIOJIEHTA

ooJtee

0,95 0,99 0,999 0,95 0,99 0,999
1 12.7 63.7 636.6 13 2.2 3.0 4.2
2 4.3 9.9 31.6 14-15 2.1 3.0 4.1
3 3.2 5.8 12.9 16-17 2.1 2.9 4.0
4 2.8 4.6 8.6 18-20 2.1 2.9 3.9
5 2.6 4.0 6.9 21-24 2.1 2.8 3.8
6 2.4 3.7 6.0 25-28 2.1 2.8 3.7
7 2.4 3.5 5.4 29-30 2.0 2.8 3.7
8 2.3 3.4 5.0 31-34 2.0 2.7 3.7
9 2.3 3.3 4.8 35-42 2.0 2.7 3.6
10 2.2 3.2 4.6 43-62 2.0 2.7 3.5
11 2.2 3.1 4.4 63-175 2.0 2.6 3.4
12 2.2 3.1 4.3 176 u 2.0 2.6 3.3
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